SUMMARY: A large collection of Staphylococcus aureus strains of human origin was examined for ability to inhibit the growth of Corynebacterium diphtheria on the surface of solid media. Inhibition with the formation of a sharply-defined zone was produced by members of S. aureus Type 71, by certain closely-related strains, and by very few others. A small number of strains gave a wider hazy zone of inhibition. Both types of zone were produced by agents which diffused through agar, but not through cellophan, and killed C. diphtheriae. The two sorts of agent differed in their spectrum of activity for other corynebacteria. Strains of S. aureus which produced sharp zones of inhibition of C. diphtheria also had a weak inhibitory activity against strains of 8. a u r m which were non-inhibitors or producers of hazy zones, but not on others which produced sharp zones. Ability to give rise to hazy zones persisted indefinitely in culture, but ability to produce sharp zones was regularly lost in culture after a few months. Loss of activity was accompanied by a widening of the susceptibility of the staphylococci to lysis by typing phages.
It has been known for many years that some staphylococci are able to inhibit the growth of Corynebacterium diphtheriue. Dujardin-Beaumetz (1932) showed that staphylococci which possessed this property were also active against a number of other Gram-positive cocci, and that their inhibitory effect was only demonstrable on solid media. Duliscouet (1935, 1939, 1945) confirmed the inhibitory action of some staphylococci on corynebacteria and in addition described a stimulating effect produced by others. He showed that inhibition was due to the production during growth of a substance which diffused out into the medium. Both of these workers used a technique of 'simultaneous antagonism' (Gratia, 1946) in which spots or streaks of staphylococci were deposited on a solid medium immediately after its surface had been evenly sown with an inoculum of corynebacteria. Several later workers investigated the inhibitory activities of Gram-positive organisms by using more sensitive methods similar to those which Gratia & Fredericq used for the study of colicines (see Fredericq, 1948) . In these 'deferred antagonism ' techniques (Gratia, 1946 ), the strain being tested for inhibitory activity was grown on a solid medium for one or more days before the strain to be inhibited was inoculated. In this way a much greater number of active strains were detected, and it became apparent that a complex pattern of antagonisms existed not only between staphylococci and corynebacteria (Jennings & Sharp, 1947) but also between staphylococci and other staphylococci (Fredericq, 1946;  Halbert, Swick & Sonn, 1953) and between corynebacteria and corynebacteria (Thibaut 1949 ; Terrasse & Sohier, 1954) . The born infants, but were rarely seen in deep lesions. Many years before, A. J. H. Tomlinson (unpublished investigation) had observed that over half of the strains of S. aurew from impetigo lesions, and a much smaller proportion from other sources, inhibited the growth of corynebacteria. He used a simultaneous antagonism technique in which loopfuls of staphylococcal broth cultures were superimposed on a freshly-inoculated lawn of a diphtheroid on a blood agar plate : after overnight incubation, the areas of staphylococcal growth were surrounded by zones of inhibition of the corynebacterium. When S. aureus Type 71 strains were tested in this way, it was found that 90% of them inhibited the growth of a strain of Corynebactm'um diphtkeriae; most other strains of S. aweus showed no inhibitory action. It was also noticed that staphylococci could give rise to one of two quite different sorts of inhibitory zone on lawns of C. diphtheria. The zones formed by S. aureus Type 71 strains were always sharply defined and rather narrow (2-4 mm. radius), but those formed by a number of other strains were wider (more than 5 mm. radius) and hazy a t the periphery. Later investigations (Parker, 1958) showed that most of the few strains, other than members of Type 71, which produced narrow sharp zones had phage patterns not very different from that of Type 71, had a number of other "71-like' characters, and were also associated with impetigo and other superficial vesicular skin infections.
The present communication summarizes observations made in the course of this work on the properties of these inhibitory agents, and on the associated changes which take place in a strain of Staphybcocm aureus when the ability to inhibit Corgwbacterium diphtheriae is lost.
METHODS

Organisms
Coagulase-positive &aphylococci. Strains (2082) of coagulase-positive staphylococci isolated in the laboratory or received from elsewhere during 1953-57 were tested for ability to inhibit the growth of Corynebacterium diphtheriae, and were phage typed by the method described by Anderson & Williams (1956) . All strains lysed by phage 71 either a t the routine test dilution (RTD) or a t x 1000 the strength of the routine test dilution (1000 x RTD), but not lysed by any other phage a t the RTD, were included in Type 71.
Coagulase-negative stuphylococci. Twenty-two strains of coagulase-negative, catalase-positive, Gram-positive cocci isolated from nasal swabs or from skin lesions were used in various tests for susceptibility to the action of Staphylococczls aureus cultures. Other orgunknzs. Twelve strains of haemolytic streptococci (4 each of Groups A, C and G), and 2 strains of pneumococci isolated from routine material, were used in various inhibition tests.
Methods used in the study of inhibition on solid media ( a ) Simultaneous antagonism (Gratia, 1925 (Gratia, , 1946 . In these methods, the active strain was deposited on the surface of an agar medium over which the sensitive (or passive) strain had been recently spread. Such a procedure was only of value when the inhibitory substance was powerful and was produced promptly.
(i) The routine inhibition test. Before use, the test strain of Coyllzebacterium diphtheriae had been subcultured several times a t daily intervals on blood agar. In earlier experiments the surface of a blood agar plate was sown with C. diphtheriae by spreading a loopful of growth from a previous blood agar plate as evenly as possible over the whole surface, but later it was found that a more even sheet of growth of the correct thickness could be obtained by flooding the plate with a broth emulsion of growth from blood agar, roughly standardized to the opacity of Brown's No. 8 tube. As soon as the surface of the plate was dry, small loopfuls of overnight broth cultures of staphylococci were placed in rows on it. After overnight incubation at 37" the corynebacterium had grown as an even confluent sheet, with zones of inhibition around some of the circular areas of staphylococcal growth. The radius and other characters of the zones were recorded. The inhibition test was considered positive (DI + ) when the zone was 1 mm. or more in radius. The effect of variations in the technique of the test will be discussed on (ii) The overlapping drop technique. This method was based on the crosstitration procedure of Rosebury, Gale & Taylor (1954) in which pairs of overlapping drops of broth cultures were placed on a solid medium. Drops were deposited with a standard loop on a blood agar plate: the second drop of each pair was added as soon as the first had dried and overlapped the first by approximately Q of its area. Plates were examined for inhibition extending beyond the area of overlap after 18 hr. a t 37". This was a useful method for examining each of a group of cultures for inhibition of, or by, every other member of the group.
(b) Deferred antagonim (Gratia, 1946) . In these methods the active strain was allowed to grow on a solid medium for 1 or more days before the sensitive strain was inoculated. They were designed to detect inhibitory substances weaker than those revealed by techniques of simultaneous antagonism.
(i) Direct streaking methods. The active strain was grown as a spot at the centre of a plate. After incubation, passive strains were streaked up to the pp. 462-4.
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primary growth as a series of radial lines, It proved difficult to inoculate the passive strains close enough to the primary spot to detect weak inhibition, but the method was useful for measuring the rate of diffusion of inhibitory agents through agar.
(ii) Methods ernplwing chloroform. Gratia (1925) found colicines to be resistant to prolonged contact with chloroform, and Fredericq (1948) grew active strains as central spots, killed them with chloroform, and inoculated the whole surface with a passive strain. We used this method in earlier experiments but later adopted a more convenient variation which had been developed in this Laboratory for the colicine typing of Escherichiu coli 055 and Shigella sonmi (Shannon, 1957; Abbott & Shannon, 1958) . A streak of growth of the active strain was inoculated across the centre of a blood agar plate and incubated at 87' for 48 hr. The Petri dish was then placed lid downwards on the bench and a circular piece of filter paper inserted and saturated with chloroform. After 1 hr. the growth was scraped to one end of the plate with the edge of a clean glass slide and removed, together with a small piece of agar. More chloroform was then added to the paper in the lid and the plate left over it for a further 1 hr. Then the paper was removed and the plate exposed to the air face downwards for 2 hr. Loopfuls of broth cultures of passive strains were then streaked across the medium at right angles to the position formerly occupied by the active strain. After overnight incubation at 37" the plates were examined for evidence of inhibition of the passive strains near the centre of the lines of growth.
(iii) Cellophun method. Autoclaved sheets of commercial cellophan were placed on the surface of blood agar plates and allowed to dry. A spot of staphylococcal broth culture was placed in the centre of each cellophan sheet and the plates were incubated for various periods at different temperatures. The cellophan sheets were then removed, the surface of the medium was flooded with a broth suspension of Corynebacterium diphtheriue, and the plates incubated overnight at 87'.
(iv) Filter-paper method (Gratia, 1946) . When it was desired to detect inhibitory substances not able to pass through cellophan, a sheet of filter paper was placed on the surface of a blood agar plate and a layer of molten nutrient agar poured on top. A drop of staphylococcal broth culture was placed in the centre of the plate, which was then incubated. The top layer of agar was then stripped off with the filter-paper, so removing all the bacteria, and the underlying blood agar was flooded with a suspension of Corynebacterium diphthmiae. Over 93% of all Staphylococcus aureus Type 71 strains were DI +, and all positive reactors formed sharp zones. Most of the small number of other DI+S strains were either members of Group I1 other than Type 71 or were non-typable, and most had been isolated from impetigo or from vesicular skin lesions of new-born infants. As described elsewhere (Parker, 1958) , these strains had other ' 71-like ' cultural characters, and were in the main egg-yolk negative, producers of opacity on serum agar plates and penicillin resistant. Only 2.6% of all strains formed hazy zones. Some DI + H strains occurred in all phage groups except 11, but the majority were either unclassifiable or non-typable; those which could be typed showed a wide variety of patterns, They were found most commonly in nasal swabs from normal people and in superficial lesions in which they appeared to be secondary invaders. Some were penicillin sensitive and some resistant and most, but not all, were eggyolk positive.
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A few tests were made with the more sensitive Gratia-Fredericq chloroform method, with incubation of the staphylococcal cultures for 48 hr. before Corynebacterium diphtheriae was added. These tests revealed the presence of numerous weaker inhibitory agents produced by strains other than those positive in the routine test. Their distribution did not appear to have any relation to the other characteristics under investigation, and these strains were not investigated further.
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Nature of the inhibitory action of Staphylococcus aureus on Corynebacterium diptheriae
The inhibitory action of Staphylccocczls aweus on Corynebacterium diphtheriae was studied in experiments in which they were grown together on solid medium. The fact that the zone of inhibition extended for several mm. beyond the staphylococcal macrocolony suggested that inhibition was due to diffusion of some substance formed by the active staphylococcal strain during growth. Inhibitory activity was also demonstrated with DI+S and D I + H strains, in absence of living staphylococci, either on plates which had been treated with chloroform or in the depths of an agar sheet on the surface of which staphylococci had been grown and later removed by Gratia's filterpaper method. In both types of experiment the inhibition of C. diphtheriae extended 0.5-1 cm. beyond the area originally occupied by the staphylococcus. The rate of diffusion of inhibitory agents was studied by spot-inoculating a staphylococcus a t the centre of a plate, and streaking a loopful of a broth suspension of C. diphtheriae up to it on each of several successive days. There appeared to be no gross difference in the rate of diffusion of the inhibitory agents of DI + S and DI +H staphylococcal strains after the first day; zones of inhibition up to 2.5 cm. in width were seen when the corynebacterium was inoculated after 5 days' incubation of the plate. None of the inhibitory agents tested was able to diffuse through cellophan.
Blood agar was chosen as the medium for the routine test, but inhibition occurred also on a number of other media. Good zones were formed on serum agar, but the distinction between sharp and hazy zones was not easily seen. Corynebacteriurn dipht?miae No. 51 grew poorly on plain agar, but with diphtheroids which were able to grow well in the absence of blood there was little difference in the size of the zones formed on blood agar or on plain agar. Inhibition occurred also on plates incubated anaerobically.
The outer edge of the sharp zone seen in the routine inhibition test was formed by an almost vertical wall of growth of the corynebacterium; the floor of the inhibition zone appeared a t first sight to be devoid of bacterial growth but when it was touched lightly with a wire it was seen to be covered with a fine film. The inner 2-3 mm. of a hazy zone was similarly covered with a fine film and beyond this the growth became progressively thicker as it merged into the surrounding lawn. Microscopic examination of the fine film of growth showed the presence of numerous bacilli. Although Corynebacterium diphtheriae No. 51 normally had a typical mitis morphology on blood agar, these organisms in the fine; film were shorter, more pointed, stained very poorly, and were beaded. Subculture from the fine film was invariably sterile. In the sharp inhibition zones no growth was obtained until the outer, perpendicular wall of the zone was touched : in the hazy zones, subcultures from the inner 8 mm. were also sterile, but small numbers of organisms could be grown from the intermediate areas of partial inhibition. On continued incubation of plates beyond the first day there was no further extension of the zones, and no colonies of resistant organisms appeared in them.
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In the routine inhibition test plates were flooded with a thick suspension of Corynebacterium diphtheriae. This gave rise to an even confluent sheet of growth in which the distinctive characters of the sharp and the hazy type of zone could be well seen. Further increases in the concentration of the suspension had little effect on the final result, but decreases in concentration resulted in a progressive increase in zone size.
With DI + S staphylococcal strains, each 100-fold decrease in concentration of the corynebacterium increased the zone radius by about 1 mm., up to a maximum of 6-7 mm., and the character of the zone was unaltered; but with DI + H staphylococcal strains the effect of decreasing the size of inoculum of C. diphtheriae was to alter the character of the zone. The total diameter was little affected, but there was a progressive decrease in the width of the intermediate hazy area. Thus, when the inoculum had been so decreased as to give a semi-confluent lawn of corynebacterium, there was little difference in the appearance of the zones produced by DI + S and DI + H staphylococcal strains.
The size of the initial inoculum of staphylococcus was of little importance. An increase beyond that necessary to give rise to a confluent macrocolony did not result in any increase in the width of zone, and a decrease in inoculum size which resulted in semiconfluent growth, or even discrete colonies, was associated with only a small decrease in zone size. Indeed recognizable zones were formed round well-separated single colonies.
Unsuccessful attempts were made to demonstrate the inhibitory agent in extracts of agar media on which active staphylococci had grown. A number of DI + S and DI + H strains were grown on semi-solid nutrient agar for 18 hr.
Fluid was extracted by freezing and thawing and was freed from living staphylococci by heating for 30 min. a t 65' or by passage through sintered glass filters, and tested for activity on lawns of Coyllzebacteriurn diphtheriae in punch-holes or Heatley cups. The agent was unsuccessfully sought in the bottom layer of plates prepared by Gratia's filter-paper method. The agar was extracted with broth, with aseptic precautions, and tested for inhibitory action without further treatment. Broth cultures of active staphylococci grown aerobically at 25" and 8 7 ' for periods up to 6 days were tested for activity after heating at 65" for 30 min., or after filtration or treatment with chloroform. Undiluted broth did not prevent the growth of as few as four C . diphtheria organisms. However, small numbers of living staphylococci had a pronounced inhibitory effect on the growth of C , diphtheriae in liquid media.
In one experiment C. diphtheriae No. 51 could not be recovered from 1 loopful of blood broth 24 hr. after it had been inoculated along with an active staphylococcus in a ratio of 106: 1.
Inhibition, of other organisms by Staphylococcus aureus Other corynebacteria. Dujardin-Beaumetz (1982) and Duliscouet (1935) both found that active staphylococci inhibited the growth of all the corynebacteria they examined. In the earlier stages of the present work several strains of Corynebacterium diphtheriae were tried, and all appeared to be equally suscep- and was not inhibited by most DI +H strains. It had been isolated from an ear swab and was a short broad bacillus forming flat, whitish, opaque and very friable colonies with lobate edges and a dull granular surface. Diphtheroids resembling this strain culturally are commonly grown from swabs of ear and vaginal discharges. We isolated 9 such strains and found that they all behaved similarly to the Bradford diphtheroid in the inhibition test, though they were not a homogeneous group biochemically.
A collection of 40 corynebacteria, which included representative strains of Cinynebacterium diphtheriae, some atypical diphtheria bacilli, one or more strains each of C. ulcerans, C . ovis, C . pyogenes, C. haemolyticum, C . equi, C. hofmnni, C. xerose, C . @mi and 19 unnamed diphtheroids, was next tested for inhibition by Staphylococcus aureus. The Bradford diphtheroid and 9 strains selected for their cultural resemblance to it were included, Each corynebacterium was tested for inhibition by a number of S. aureus strains previously found to be active against C. diphtheriae No. 51 by the routine technique. As this took several weeks to carry out, each staphylococcus was tested against C. diphtheriae No. 51 at the beginning and at the end of the series, and only those which gave rise to a zone of inhibition at least 1 mm. wide on both occasions and which showed much the same zone size in the two tests will be considered. Successful tests were carried out with 16 8. aureus DI + Type 71 strains, with 18 others giving sharp zones and with 30 giving hazy zones on C. diphtheriae No. 51. The results are summarized in Table 2 .
(i) Five strains of Corynebmteriam diphtheriae mitis (including No. 51), one gravis, and three aberrant gravis-like organisms were inhibited by all, or nearly all, of the staphylococcal strains. The characteristic differences between the sharp and hazy type of inhibition zone was apparent in all instances. The growth of none of the corynebacteria in the group was stimulated by any staphylococcus.
(ii) Eleven strains were inhibited by a proportion of staphylococci in each group: nine by all or nearly all. With the exception of Corynebaderium ovis, these strains were diphtheroids which grew either as a thin dry sheet in which the zones were wide and usually surrounded by a zone of enhancement of growth, or as a thick creamy growth in which zones were narrower and rather ill-defined. In none could any distinction between sharp and hazy zones be made out.
(iii) Eleven strains (including the Bradford diphtheroid) were inhibited by all or most Type 71 staphylococcal strains, but by few of the hazy zone producers. All nine of the diphtheroids selected for their colonial resemblance to the Bradford diphtheroid were in this group, All except one of them also showed considerable enhancement of growth around the zone of inhibition. The only other strain falling into this group was one of the three representatives of Corynebacterium xerose.
(iv) Six strains were more often inhibited by hazy-zone-producing staphylococci than by others. The most characteristic members of this group were 
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Co ynebactewizcm ulcerans, C. pyogenes, C. equi and one diphtheroid producing a creamy growth on blood agar. The zones were all rather narrow or ill-defined. The two strains of C. diphtheriae intermedius produced wide zones that were so faint as to be almost invisible.
(v) Three strains, including Corynebacterium haemolyticum, were completely or almost completely insusceptible to inhibition.
Staphylococcal strains other than members of Type 71 which produced sharp zones of inhibition of Corynebacterium diphtheriae No. 51 were, on the whole, less active against other corynebacteria than Type 71 strains. It was not possible by inspection of the results to define any sub-patterns of activity that might be useful in classification.
Other Gram-positive organisms. As a first step, 16 strains of Staphylococcus uureus including both DI+S and DI+H strains, and representatives of all phage groups, were tested for mutual activity by a simultaneous antagonism technique, the overlapping drop method of Rosebury et al. (1954) . Also, representative DI + S and DI + H strains were tested against 46 unselected S. aureus strains, and 15 coagulase-negative staphylococci. No evidence of inhibition was obtained, suggesting that powerful agents active on Grampositive cocci were not very common in S. aureus. However, when the more sensitive deferred antagonism technique of Abbott & Shannon (1958) was used, evidence of inhibition of some staphylococci by others was obtained. All the active strains were DI + S and they inhibited all the DI -and DI + H strains against which they were tested. The results of a typical experiment are shown in Table 3 . Some of the reactions were quite weak and in most cases some resistant colonies were visible in the areas of inhibition. Further experiments showed that several DI + ' 71-like' members of phage Group I1 had a similar effect on other staphylococci. It seemed possible, therefore, that the same agent might be responsible for both the sharp-zone inhibition of Corgjneba&ium diphtheriae and for the inhibition of other S. aureus strains. Some support for this was obtained from an experiment in which a DI + S Type 71 strain and a DI -variant derived from it were tested for mutal inhibition : the DI -variant was inhibited by the DI + parent strain, but itself had no inhibitory activity.
Experiments were also carried out, using Abbott & Shannon's technique, in which 14 strains of StaphyZococcus aureus (including 4 DI+S and 5 DI+H strains) were tested for activity on 7 coagulase-negative staphylococci, two pneumococci and 12 haemolytic streptococci (4 each of groups A, C and G).
Each S. aurezls strain gave evidence of inhibition of one or more organism, but the pattern of activity was extremely complex, and the DI+ strains did not appear to behave in a uniform fashion.
Loss of power to inhibit corynebucteriu
Early in the investigationit was observed that Staphylococcus aureus Type 71 strains lost their ability to inhibit corynebacteria on storage in the laboratory. This took place regularly between the 8rd and 12th month in agar stabs kept a t room temperature. When subcultures were tested at intervals, the zone of inhibition was seen to become progressively narrower, and by the 5th-6th 
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month was often reduced to a fine crevasse between the growth of the staphylococcus and the corynebacterium. Loss of inhibitory power was not associated regularly with any other change in cultural characteristics: most strains retained their original ability to form pigment, coagulase, haemolysin and hyaluronidase. Most were penicillin resistant and egg-yolk negative on first isolation and these properties were unchanged. Table 4 shows the results of 885 inhibition tests on Type 71 staphylococcal strains a t various times after isolation; strains giving zones 1 mm. or more in radius in the routine test were considered to be still DI+. The results include those of the initial test on 534 strains (most, but not all, being done within 3 months of isolation) together with repetitions carried out on unselected batches of cultures. There was a small decrease in the proportion of positive results between the 8rd and 6th months and a much greater decrease subsequently; only 1 of 70 tests carried out after 12 months was positive. Staphylococci other than members of Type 71 which produced sharp zones of inhibition showed a similar loss of activity on storage, and nearly all were DI-after 1 year. The ability to produce hazy zones of inhibition appeared to be unaffected by prolonged storage in the laboratory. Twenty-nine staphylococcal strains re-tested 12-21 months after isolation were active and gave zones as large as those seen when they were first tested. A culture of Staphylococcus aweus (NCTC 6507), which was described by A. Fleming as an inhibitor of Corgnebacterium diphtheria when deposited in the National Collection of Type Cultures in 1943 produced a good zone of hazy inhibition in 1955.
The nature of this loss of activity was investigated by a method which makes use of the fact that single colonies of a DI + staphylococcus deposited on a lawn of Corgnebactmium diphtheriae of somewhat decreased thickness give rise to recognizable zones of inhibition. Loopfuls of a broth culture of a staphylococcus so diluted as to yield 20-30 colonies each were deposited on a fresh lawn of C . diphtheriae made by flooding a blood agar plate with a broth emulsion about 1/10 of the strength of that used in the routine inhibition test. When Type 71 staphylococcal strains, which gave somewhat narrowed zones of inhibition in the routine test were treated in this manner, two sorts of colonies were seen : larger, well-developed colonies surrounded by clear-cut zones of inhibition about 0 4 mm. in radius, and rather smaller colonies with no zone around them (Pl. 1, fig. 4 ). On subculture to blood agar the two sorts of colony were indistinguishable; the difference on the original plates was undoubtedly due to crowding of the non-inhibiting colonies by the 470 M . T. Parker and L. E. Simmons corynebacteria. When the routine test was carried out on these subcultures, those from inhibiting colonies gave sharp zones of full width and those from non-inhibiting colonies were inactive. Repetition of the tests over a period of some weeks gave identical results, but when the selected variants were stored for some months the inhibition zones of the DI + strains again became narrower and the cultures were again found to consist of mixtures of DI + and DIvariants. Repeated examination of individual colonies from artificially selected DI-variants did not reveal the presence of any DI+ forms.
Changes in susceptibility to typirlg phages associated with loss of inhibitory activity When strains of Staphylococcus aurew Type 71, which on first isolation had been lysed only by phage 71 a t RTD, were re-typed some months later it was found that many of them had also become susceptible to phage 55 a t RTD. This appeared to occur after about the same period of storage as the loss of ability to inhibit Corynebacterium diphtheriae. The association between the two changes was therefore investigated in 79 originally DI + members of S. aureus Type 71 which had been isolated 5-30 months previously ( Table 5 ) . Sixty-two of the 65 strains which had become DI-were now lysed by phage 55; 57 of them reacted strongly. All but 1 of the 14 strains still DI+ were insusceptible to phage 55. The one exception was, in fact, an example of a more far-reaching change in phage pattern, as it was now also lysed by phages 8A, 3B and SC. There was, therefore, a general tendency for the two changes to be associated, but exceptions occurred. However, it was also observed that 3 other members of Type 71 that were DI-on first isolation, also became fully susceptible to phage 55 within 1 year. A small number of staphylococcal strains which failed to react with phage 71 at RTD but were lysed by phage 71 (and usually by other Group I1 phages) at 1OOOxRTD were included in Type 71 by Parker, Tomlinson & Williams (1955) . Twelve of these so-called 'weak 71' strains, which were DI+ on first isolation, were re-tested after periods exceeding 1 year, by which time they had all become DI -. Eight now reacted with phage 71 at RTD, 1 with phage 55 and 1 with'both 55 and 71 : two were unchanged. Ten ' 71-like' strains Inhibition by Staphylococcus aureus 471 from impetigo lesions, originally completely non-typable at RTD and at 1000 x RTD, but all DI + S, were also re-examined over one year after isolation. All were now DI -: two were lysed by both phages 55 and 71, 4 by 71, 3 by 55 and one by Group I phages, all at RTD.
It appeared, therefore, that no one phage pattern was exclusively associated with the presence or absence of inhibitory activity. Whatever the phage pattern of the original DI + S form, loss of inhibitory power was associated with a gain of susceptibility to Group I1 phages, and susceptibility to phage 71 usually but not always ' preceded ' susceptibility to phage 55 in the course of dissociation.
Some of the discrepancies in the results shown in Table 5 might have been due to the fact that some of the staphylococcal cultures were in fact mixtures of DI + and DI -forms. Therefore, a number of freshly-selected DI + and DIvariants were obtained from cultures which gave narrow zones in the routine inhibition test, using the technique described in the previous section, and were re-typed. Table 6 shows the susceptibility to phage 55 of 118 such variants from 12 cultures. The general association of susceptibility to lysis by phage 55 with absence of inhibitory power was again seen: with most strains the difference was quite clear cut, but discrepancies occurred in a minority of strains. Rountree (1956) attributed the resistance of Staphylococcus uureus strains to certain typing phages to the presence of symbiotic phage; this suggested that the step-wise gain in susceptibility to certain Group I1 phages which accompanies loss of inhibitory power might also be due to the loss of a phage.
An attempt was therefore made to obtain a phage from the DI+ form with which to lysogenize the DI-form. The two were grown together under a variety of conditions, but no such phage could be detected.
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Attempts to induce lysis in mixtures by ultraviolet irradiation were also unsuccessful. Variants that were DI-and susceptible to phage 55 were successfully lysogenized with. this phage and so rendered resistant to its action; but they remained DI-.
Among the artificially-selected variants shown in Table 6 was one with a grossly aberrant phage pattern (strong lysis by phages 3A, 3B, 3C, 55 and 71) which had retained its inhibitory activity. This appeared to be of some significance, since a whole culture which underwent the same change (71 to 3 A/3 B/3 C/55/71) while remaining DI + S had been seen previously (Table 5) , and also since a DI + S strain with the pattern 3A/3B/3C/55/71 had once been isolated from a case of impetigo. The artificially-selected variant 3 A/3 B/3 C/ 55/71 : DI + S had been found in a culture together with both the 71 :DI + S and the 55/71 : DI -forms, and when either of these forms was grown in broth the supernatant fluid contained a phage lytic for it. Phages derived from both forms were identical in their lytic spectrum on the standard propagating strains (strong lysis of PS 8 C and weak lysis of PS 3A). Strong preparations of both phages were made by growth on 3A/3B/8C/55/71, and were spotted on lawns of the same strain, Subcultures from the resistant growth were made, and from them a strain lysed only by phage 71, but also DI + S, was obtained.
The 3A/3B/aC/55/71 variant did, therefore, appear to have arisen from a loss of symbiotic phage; but the change was not accompanied by any alteration in the ability to inhibit corynebacteria.
Naturally-occurring staphylococcal cultures with the phage-patteTn 55/71
The regular appearance of staphylococcal variants with the phage pattern 55/71 in laboratory cultures originally lysed only by phage 71 stimulated interest in naturally-occurring strains with the same pattern. The 55/71 variants had the same cultural characters as their parent Type 71 strains except for the negative DI reaction, i.e. they were egg-yolk negative and usually penicillin resistant. Nearly all naturally-occurring members of phage Group 11, other than Type 71, are egg-yolk positive and usually penicillin sensitive. Further, Type 71 strains very seldom give rise to deep suppuration, while other members of phage Group I1 frequently do. In the series of 2032 cultures summarized in Table 1 there were 286 members of phage Group I1 other than Type 71, and 89 of them reacted only with phages 55 and 71. The origin and cultural characters of these 55/71 strains are shown in Table 7 . Fifteen of them, including 6 from deep infections, resembled ' the rest ' of phage Group I1 in being egg-yolk positive and DI -: all were penicillin sensitive. The other 24, all from impetigo or other vesicular skin lesions, were egg-yolk negative, all but one were penicillin resistant, but less than half were DI+. The DImembers of this latter group were, in fact, indistinguishable from DIvariants arising from Type 71 cultures in vitro. Such strains were encountered on several occasions in outbreaks of pemphigw n e W m m in which lesions of closely-related cases had yielded ordinary Type 71 strains. This had led to some difficulty in interpreting the typing results, but we had concluded that the strains were epidemiologically connected. An opportunity to investigate Inhibition by Staphylococcus aureus 473 this situation further arose in connexion with a severe case of pemphigus ~neo?zatorum in a child born a t home. Four cultures were obtained, one each from the infant's skin and nose, and one from each nostril of the midwife. All were typed and tested for inhibition of Corynebacterium diphtheriae within 1 week of isolation. The baby's skin strain was '55/71:DI-and his nose strain 71 : DI + S. Of the two strains from the midwife, one was 55/71 : DIand the other, although thought to have been obtained from a single-colony 'pick' was a mixture of 55/71 :DI -and 71 :DI +S. It must be assumed, therefore, that the population in both the patient. and the nurse was a mixed one. 
DISCUSSION
The observations recorded in this paper were made incidentally during an enquiry into the epidemiology of superficial skin infections. Many earlier workers had studied the inhibition of corynebacteria and other Grampositive organisms by strains of Staphylococcus aurew, but their interest had been concentrated mainly on the mechanism of the inhibition, and on the part it might play in clearing the upper respiratory tract of Corynebaderiunz diphtheriae. The ability to inhibit appeared to be distributed in a haphazard fashion among strains of staphylococci and there was little indication that it might be a characteristic of a certain sort of staphylococcus. It was clear, however, that different staphylococci produced a variety of inhibitory agents, and that the number and type revealed would depend on the precise method used to detect them. It was fortunate that the simple method adopted by Tomlinson in his early work on impetigo should have been so well adapted for the detection of the agent produced by S. aureus Type 71. Members of phage Type 71 and a small number of related strains, all of which were associated with superficial vesicular skin lesions, produced a characteristic, narrow, sharply-defined zone. A further group of staphylococci produced an easily distinguishable zone with a hazy periphery: these strains had little else in common, except their lack of association with staphylococcal infections in man.
In recent years a number of bacterial species and serotypes have been split up into epidemiologically valid subdivisions by determining the range of activity of the inhibitory substances produced by individual strains. (Received 6 May 1959)
